Introduction
COPD is an inflammatory respiratory disease characterized by irreversible air flow limitation. It is predicted to become the fourth leading cause of death worldwide by the year 2030. 1 Patients with COPD often have multiple comorbidities, such as cardiovascular disease and lung cancer, making their care costly and complex. 2 The economic burden of COPD is, therefore, immense, costing the US ~$36 billion in 2010. This cost is expected to increase to $49.0 billion by 2020. 3 Insomnia is a common and important comorbidity in patients with COPD. 4 Insomnia is a sleep disorder characterized by difficulty falling asleep, staying asleep, waking too early, or waking feeling unrefreshed. Several studies have been conducted evaluating the clinical impact of insomnia in patients with COPD. In these patients, insomnia and related sleep disturbances were found to be associated with deterioration in overall quality of life. 5 Disturbed sleep was also related to more frequent symptomatic exacerbations and worse clinical outcomes, including an increase in mortality. 6 The current estimated prevalence of insomnia in patients with COPD is ~30%. This is assumed be a significant underestimate of the actual prevalence, owing to a low clinical detection rate. 7 There are several proposed reasons for this low detection rate, including a lack of awareness about the impact of insomnia by both patients and clinicians and the lack of a simple and effective diagnostic tool. As such, insomnia treatment has been a neglected aspect of overall care in this patient population.
The insomnia severity index (ISI) is a brief, effective instrument to evaluate sleep disturbance 8 that consists of seven self-reported items to assess the degree of sleep difficulties. It has been found to be reliable, and has been validated against several other sleep questionnaires including the Epworth sleepiness scale and the Pittsburgh sleep quality index. 9 The COPD assessment test (CAT) is a simple and validated tool that measures the health status of patients with COPD. 10 As with the ISI, it is self-reported, and evaluates eight aspects of health and quality of life, including respiratory symptoms, activity, confidence, and sleep. The ISI and the CAT are both widely used in routine practice.
In this study, we assessed the prevalence of insomnia and the relationship between sleep disturbance and health status in patients with COPD using ISI and CAT scores.
Patients and methods study population and data collection
A cross-sectional study was conducted using data from patients undergoing treatment for COPD at St Paul's Hospital, The Catholic University of Korea, between December 2015 and August 2016. Self-reported questionnaire data were used to evaluate the relationship between insomnia and CAT scores in these patients. Patients were enrolled according to the Global Initiative for Chronic Obstructive Lung Disease criteria. 11 Patients were over 40 years of age, had a smoking history of 10 pack-years, and had an obstructive pattern on pulmonary function tests, specifically, a post-bronchodilator forced expiratory volume in 1 second (FEV 1 ) and forced vital capacity (FVC) ratio (FEV 1 /FVC ratio) of 0.70. Exclusion criteria included the following: patients with significant comorbid lung disease caused by lung cancer, tuberculosis, interstitial lung disease, or pneumonia; patients with psychiatric comorbidities such as depression, panic disorder, alcoholism (who drink more than one bottle of soju or four bottles of beer almost daily); patients with obstructive sleep apnea; patients with active malignancy; and those with an exacerbation of COPD at the time of enrollment. In total, 192 patients were recruited and they underwent a thorough chart review. After obtaining written informed consent from all the patients, clinical information including age, sex, body mass index, comorbidities, smoking history, exacerbation history, and medication use was gathered. Pulmonary function test data were also collected, including FVC, FEV 1 , FEV 1 /FVC ratio, and diffusion capacity of the lung for carbon monoxide. Sleep quality and health status were assessed by both the ISI and the CAT. This study was approved by the Institutional Review Board Ethics Committee of St Paul's Hospital, The Catholic University of Korea (PC16QISI0017).
statistical analysis
Analysis of variance and the Kruskal-Wallis test were used to estimate the difference between groups for continuous variables. The Jonckheere-Terpstra test was used to assess trends in CAT scores versus insomnia severity. To compare categorical variables, the chi-squared test and the Fisher's exact test were used. Univariate statistical analyses were used to demonstrate the relationship between insomnia and all other values. Values that were found to be significantly associated with insomnia (p0.2) were analyzed using multivariate stepwise regression to determine significance. A receiver operating characteristic (ROC) curve was plotted to determine the most appropriate cutoff value for ISI score when attempting to detect insomnia in patients with COPD. The two-sided significance level was set at a p-value 0.05. All statistical analyses were performed using SPSS statistical software (version 21.0 Medical, IBM SPSS Statistics; IBM Corporation, Armonk, NY, USA).
Results

Insomnia prevalence and clinical characteristics of the study population
A total of 192 patients with COPD satisfied the inclusion criteria and were recruited into this study. Patients were classified into three groups based on ISI score: a clinical insomnia group (ISI15; n=14), a subthreshold insomnia group (ISI 8-14; n=34), and a non-insomnia group (ISI8; n=144). The prevalence of insomnia (classified as ISI8) in patients with COPD was 25%. The clinical characteristics of the study population are shown in Table 1 . There were no significant differences in age, sex, BMI, comorbidities, smoking history, or medication among the three groups. Post hoc analysis revealed significant differences in the prevalence of chronic bronchitis and the number of COPD exacerbations in the previous year between the clinical insomnia and the non-insomnia groups. However, pulmonary function parameters were similar among all three groups. Among patients with insomnia (ISI 8; n=48), only seven patients (14.8%) were receiving proper management for their condition.
CaT scores according to insomnia severity
The CAT scores of the three groups are presented in Figure 1 . Total CAT scores, and all individual item scores, except for cough, tended to increase significantly with increased insomnia severity. Increased insomnia severity was particularly associated with increased total CAT scores, breathlessness, activity, and sleep items.
Insomnia frequency and severity according to COPD assessment scores
Patients were classified into three categories based on CAT scores: a low-impact group (CAT score10), a medium impact group (CAT score 10-20), and a high-impact group (CAT20). The frequency of insomnia increased with increasing CAT scores, and the severity of insomnia, as evaluated by the ISI score, showed a similar trend (Figure 2) . The proportion of patients who had clinical or subthreshold 
Clinical factors associated insomnia in patients with COPD
The clinical factors associated with insomnia (ISI8) in patients with COPD were assessed using univariate analysis (Table 2) . Total CAT score, the prevalence of chronic bronchitis, and the number of exacerbations in the previous year were found to be significantly associated with insomnia. Subsequently, a multivariate analysis was performed that included age, diabetes mellitus, chronic renal disease, CAT scores, the use of a inhaled corticosteroid/long-acting β2-agonist inhaler, a chronic bronchitis phenotype, and the number of exacerbations in the previous year. Total CAT score was the only statistically significant factor associated with insomnia in these patients (odds ratio, 1.23; 95% CI, 1.13-1.34; p0.0001).
Predictive value of CaT for insomnia in COPD
The ability to predict insomnia in COPD patients using CAT score was found using a ROC curve (Figure 3) . A model for using the CAT score to predict insomnia was found to be statistically significant (area under the ROC curve, 0.779; p0.001). The optimal cutoff value was CAT14. At this value, the sensitivity and specificity were 66.7% and 71.5%, respectively.
Discussion
COPD is a chronic inflammatory airway disease. Patients with COPD often have significant, chronic comorbidities including diabetes, cardiovascular disease, lung cancer, and psychiatric disorders. [12] [13] [14] Insomnia is commonly comorbid in COPD patients and remains underdiagnosed and undertreated. The presence of insomnia, and its severity, is often Abbreviations: BMI, body mass index; CaT, COPD assessment test; DlCO, diffusion capacity of the lung for carbon monoxide; FeV 1 , forced expiratory volume in 1 second; FVC, forced vital capacity; ICs, inhaled corticosteroid; laBa, long-acting β2-agonist; laMa, long-acting muscarinic antagonist.
underappreciated by both clinicians and patients due to both a lack of awareness and the inconvenience of objective measurement and diagnosis. In this study, we attempted to detect insomnia in patients with COPD using ISI and CAT scores, both of which are widely used in clinical practice and fairly simple to administer. The ISI is a brief, validated questionnaire designed to assess the nature and severity of insomnia in adults. The reported prevalence of insomnia in COPD patients varies between studies, ranging from 27% to 44%. 5, 7 Using ISI score, our study estimated that the prevalence of insomnia in the COPD population was 25%. Of note, our study found that most COPD patients with insomnia were not receiving appropriate treatment for their sleep disturbance. It is possible that many patients considered their insomnia symptoms to be an inevitable complication of COPD and, thus, did not make a request for thorough evaluation.
Several studies have sought to assess the clinical impact of insomnia on patients with COPD. Budhiraja et al 5 reported that COPD patients with insomnia had worse quality of life and a higher prevalence of daytime sleepiness. Recently, Omachi et al 6 reported that COPD patients with disturbed sleep had 
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Ban et al more frequent COPD exacerbations and respiratory-related emergencies. Moreover, they found that sleep disturbance was a significant predictor of mortality in these patients. Similar trends were observed in the present study. Clinical insomnia was related to both a chronic bronchitis phenotype and more frequent exacerbations; however, these relationships were not statistically significant in multivariate analysis. Patients with chronic bronchitis phenotype usually have worse respiratory symptoms including nocturnal awakenings and higher risk of exacerbations. 15 Also, they tend to have increased basal systemic inflammation and sympathetic tone. 7, 16 These are regarded as one of the possible hypotheses of their poor prognosis. Therefore, further detailed studies which focus on precise physiology and molecular aspect in this field are needed. We demonstrated that total CAT scores and most component CAT items tended to increase as insomnia severity increased. Additionally, global health status declined as insomnia severity increased. We were able to present a clear association between decreased quality of life and insomnia severity in this patient population.
In our study, CAT was the only clinical parameter associated with insomnia in patients with COPD. Recently, Xiang et al 17 observed that physical illness and severe depression were significantly associated with insomnia in Hong Kong COPD patients. In the present study, we indirectly measured physical and emotional distress using the CAT score, a test that is commonly used in COPD. However, pulmonary function tests, which represent an objective assessment of the respiratory burden of COPD, were not significantly related to insomnia. This lack of association has been noted in several earlier studies. 5, 17 Finally, we attempted to correlate ISI and CAT scores. We found that total CAT scores were significantly associated with ISI scores, and both may be useful parameters for predicting the severity of insomnia in patients with COPD. Sleep is a component of the CAT score and the quality of sleep is rated from 0 to 5. However, few studies have assessed the ability of the sleep item alone to predict the presence or severity of insomnia. Sleep disturbances arise in patients with COPD for several reasons including persistent cough, hypoxemia, depression, and the effects of medications such as steroids or beta agonists on sleep initiation and maintenance. 18 Therefore, it is likely that a global assessment of physical and emotional wellbeing would be more appropriate for estimating sleep quality in patients with COPD than the CAT sleep item alone.
Limitations
This study had several limitations. First, this study was cross-sectional and prevented comment on any potential causative relationship between ISI, CAT, and COPD. Second, this study was conducted at a single respiratory center and included a relatively small sample size. However, we found similar patient characteristics and prevalence of insomnia as observed in previous studies. 5 It is likely that the findings of this study are representative and applicable to clinical practice and management. Third, this study did not include any objective information about patients' sleep. A further large-scaled, multicenter, prospective study would be needed to strengthen the rationale for using CAT scores in the assessment of insomnia in patients with COPD.
Conclusion
The current study investigated the ability of the CAT score to predict the presence and severity of insomnia in patients with COPD. It showed that the total CAT score was closely related to insomnia severity. The regular use of CAT scores to assess patients with COPD may allow for better detection of sleep disturbances and improve the clinical management of insomnia in these patients.
